This paper investigates the evolution of EM admittance of piezoelectric transducers mounted on a notched beam from wave propagation perspective. A finite element analysis is adopted to obtain nu- 
Introduction
Lamb wave and electro-mechanical (EM) impedance signals have been widely used for damage detection for a beam using PZT transducers (1, 2) .
Although Lamb wave and EM impedance signals are created and received through a single PZT configuration, Lamb wave and EM impedance signals have been dealt with independently in the previous damage detection schemes so far due to their own merits. The Lamb waves are suitable for a far-field damage detection because they can travel a long distance on a beam (1, 3, 4) . On the other hand, EM impedance signatures are advantageous for a near-field damage detection because they are known to mainly interact with damage in the vicinity of PZT (2,5~7) . Some researchers attempt to combine the Lamb wave and EM impedance approaches for the synergistic use of their complementary merits (8~10) . However, there have been few theoretical researches on the underlying relations between the Lamb wave and EM impedance signals. Recently, Park has analytically investigated the evolution of EM admittance (an inverse of EM impedance) of PZTs mounted on an intact beam from a wave propagation perspective (11) . The analytical investigation has provided a rigorous insight on the theoretical relevance between guided waves and EM admittance.
This paper investigates the evolution of EM admittance on a notched beam from a wave propagation perspective. In particular, the underlying relevance will be studied between the EM admit- simplicity of explanation. This cantilever beam model has been first utilized in the experimental work of the authors (6) . Finite element analysis using ABAQUS 6.7-4 standard (12) is conducted to obtain the Lamb wave mode signals generated and received by PZT wafers in the time domain.
Detailed description can be found in the previous works by the authors regarding mesh layout and finite element types for the PZT-beam system used in the numerical simulation (13) . As harmonic excitations of the 11th natural mode shape (f = 15.4 kHz) are applied to the PZT wafers, Lamb waves begin to propagate from the actuating PZT wafers as shown in Fig. 1(c) . Then, incident Lamb waves and reflections from the boundaries of the beam are superimposed, producing transient dynamic states in Fig. 1 
(d).
A temporal spectrum is employed to investigate the convergence of Lamb wave motions to the vibration response of a beam in the frequency domain:
where t, , T, H(t) and V(t) are time, angular fre- The shape of the temporal spectrum for T1 is almost identical to that of the power spectrum of the tone-burst input signal in Fig. 3(b) . As truncation time increases from T2 to T4, several peaks begin to appear gradually in temporal spectrums.
As truncation time increases from T5 to T8 as shown in Fig. 3(c) , peaks in temporal spectrums become sharper and the corresponding frequencies converge to the natural frequencies of the cantilever beam as shown in Fig. 3 
When truncation time is sufficiently large, e.g. T8 = 29.491 ms, the associated temporal spectrum asymptotically converges to the electro-mechanical (EM) admittance of PZT A which is used in EM-impedance based damage diagnosis. It is noteworthy that the interested readers can refer to the previous work (11) regarding the detailed analytical description between temporal spectrums and the EM admittance from wave propagation perspective for the tone-burst input excitation.
Decomposition of Lamb wave mode signals
Mode conversion occurs when Lamb waves propagating along a thin beam encounter a discontinuity point such as crack (3) . For example, when the first symmetric Lamb wave mode (S0) encounters the discontinuity, the transmitted wave is separated into fundamental symmetric (S0) and anti-symmetric (A0) Lamb wave modes (denoted as S0/S0 and A0/S0, respectively). In a similar fashion, an A0 mode produces S0 and A0 modes (S0/A0 and A0/A0) (13) .
Using two identical PZT wafers collocated on both sides of a beam, each individual Lamb wave modes can be extracted through selective excitation and sensing of the PZT wafers (14) . and A0/S0 modes appear in LWSAA and LWSBB while they cancel out in LWSAB and LWSBA due to the poling directionalities of PZT A and B (13) .
Using the relative phase differences of LWSAA, LWSBB and LWSAB each Lamb wave mode can be isolated through the following algebraic equation (13) : to T8, peaks in temporal spectrums surges up and the corresponding frequencies converge to the natural frequencies of the cantilever beam as shown in Fig. 3(d) .
The RMS values of temporal spectrums for LWSMC with respect to truncation time are demonstrated in Fig. 7 . Here, the RMS of a temporal
is defined as the following equation:
where  and  determine an interval to integrate the temporal spectrum.
In Fig. 7(a) , RMS values of temporal spectrums 
Conclusion
This paper investigates the evolution of EM admit- cluding several modes to compute the root mean value of the temporal spectrum.
